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Pain is a frequently reported secondary condition in this population occurring in both sexes, at multiple body sites, and across different GMFCS levels, subtypes and ages. Pain, in this context, tends to be long-lasting, if not chronic, 7, [9] [10] [11] [12] and can affect important aspects of life such as psychosocial health, participation in recreational activities, educational endeavours and, at older ages, the ability to work. 13 In a European multisite study, close to 75 per cent of adolescents with CP self-reported having experienced pain in the previous week. 14 In a Swedish population-based study of 2777 children and adolescents with CP, one-third of the population reported pain. 15 Pain occurred more frequently in the back and the lower extremities, was more often reported in girls, and increased with age, which has been reported consistently in the literature. 14, 16, 17 Per definition, CP affects motor function and musculoskeletal complications such as hip dislocations, scoliosis, contractures (muscle shortening), spasticity (increased muscle tone), windswept posture and joint complications, all of which can be painful. 18 Compromised positioning results in muscle fatigue and may cause pain due to pressure or muscle overuse. Additionally, muscle weakness with or without spasticity and contractures affects mobility. In individuals with CP who are ambulatory, this can be associated with pain primarily related to overuse of the hip, knee and foot extensor muscles. 9, 15 To prevent musculoskeletal pain from manifesting, a better understanding of the relationships among different factors that cause pain is needed. In this study, we developed models to simultaneously test how pertinent factors are related to pain in the lower body of children and adolescents with CP. More specifically, we investigated the relationships between the presence of pain in the lower extremities (feet, knees and hips) and back, spasticity, bone/joint complications and reduced mobility in relation to age. Higher levels or degrees of spasticity, bone/joint complications, reduced mobility and older age were hypothesised to be associated with an increase in the presence of pain.
| ME THODS

| Procedure and participants
This was a retrospective cohort registry study using data from prior to participation in CPUP. Participation can be discontinued at any time, and the decision to withdraw will not affect the healthcare received. The Regional Ethical Review Board in Lund, Sweden (443-99, revised 2009), approved the study.
| Measures
Age was analysed as a continuous variable and sex as a dichotomous variable. Gross motor function was classified by physical therapists according to the GMFCS Expanded and Revised version, which consists of five levels, where GMFCS level I signifies the highest gross motor functional level and GMFCS level V the most severely restricted. The GMFCS has good validity and reliability 5, 20, 21 and is stable over time. 22 Pain in the lower extremities was assessed with four dichotomous items for back, hips, knees and feet (Is it known/ believed that the person is in pain?). Pain was self-reported or reported by a caregiver.
Spasticity was measured by physical therapists, and the measures included the Modified Ashworth scale (MAS) 23 and scissoring.
In this study, MAS scores of 1 or 1+ were combined and coded as 1, corresponding to the original Ashworth scale. 24 MAS scores for gastrocnemius, hip adductors and knee flexors for both sides were used.
Acceptable interrater reliability has been reported for the MAS. 25 In CPUP, scissoring is defined as the legs crossing each other in the frontal plane, while moving or at rest, and is coded as none, mild or pronounced.
Bone/joint complications measures included hip displacement, range of motion (ROM), windswept posture and scoliosis. The degree of hip displacement was measured as the migration percentage (MP) according to Reimer. 26 Orthopaedic surgeons or radiologists determined the
Key notes
• Bone/joint complications had the strongest direct pathway with pain in the lower extremities, followed by reduced mobility in children and adolescents with cerebral palsy.
• The pathways between spasticity and pain, and age and pain were not significant.
• Other factors than bone/joint complications, reduced mobility and spasticity must be considered when assessing pain in the lower extremities in individuals with cerebral palsy.
MP on anteroposterior pelvic radiographs. MP is defined as the proportion of the femoral head positioned lateral to the acetabular margin and ranges from 0 (fully inside the acetabular margin) to 100 (hip dislocated). Bilateral ROM for hip abduction, knee extension and foot dorsal-flexion (knee extended) was measured by physical therapists in a standardised position according to a manual (www.cpup.se). The ROM values were rounded to the closest multiple of five. CPUP uses the traffic light principle for ROM scores: a green value means clear, a yellow value means caution, and a red value means act. The scores that constitute green, yellow and red values differ by GMFCS level and depend on which ROM site is measured ( Figure 1 ).
Windswept posture was defined as a minimum of 50 per cent difference in ROM between left and right hip in any one of three measurements: abduction, internal and/or external rotation, 27 and it was coded as yes or no. Intraclass correlation coefficients for ROM in the hips in individuals with CP have been reported at 0.58-0.93. 28 To be coded as windswept posture, the difference in ROM between both sides had to be > 15 degrees. Scoliosis was coded as not pres- Mobility measures included the Functional Mobility Scale (FMS) 30 at 5-(at home), 50-(at school) and 500-metres (in the wider community), respectively. FMS was constructed as a performance measure to classify functional mobility in children while taking into account the range of assistive devices a child might use. 30 
| Data considerations and statistical analysis
| RE SULTS
| Descriptive statistics and correlation coefficients
The descriptive statistics are presented in Tables 1-4, and variables are grouped as basic characteristics of the sample and the three hypothesised exogenous latent constructs, respectively.
The correlation coefficients ranged from 0 ('number of pain sites' and 'hip displacement left') to 0.91 ('ability to get up from sitting' and 'ability to stand'). To minimise multicollinearity, the variable 'ability to get up from sitting' was removed. All other variables had correlations < 0.90. were incremental fit index = 0.938, Tucker-Lewis index = 0.921, comparative fit Index = 0.938, and root means square error of approximation = 0.052.
| Testing the measurement models
| D ISCUSS I ON
In this study, we investigated how spasticity, bone/joint complications and mobility were related to pain in the lower extremities in relation to age. Of the three latent constructs, bone/joint complications had the strongest direct pathway with pain in the lower extremities, followed by reduced mobility. The direct pathway between spasticity and pain in the lower extremities was not significant. It is possible, however, that spasticity has an indirect effect on pain through reduced mobility and through bone/joint complications.
In much of the literature on pain in the context of CP, pain increases significantly with age. 15 In the first model we tested, this was supported. However, in the modified model, the direct pathway from age to pain in the lower extremities was no longer significant. This was most likely due to the correlation between age and bone/joint complications. Previous research has shown that muscle contractures in the lower extremities, 33 posture, which, in turn, can be more highly associated with pain in the lower extremities.
One of the aims of CPUP is early detection and treatment of secondary complications in the musculoskeletal system, such as contractures, windswept posture and hip displacement. This is done to optimise gross motor function. The relationship shown between pain and bone/joint complications suggests that this preventive approach might reduce some of the pain in the lower extremities in children with CP. In a previous study, the prevalence of pain in Sweden was lower than in many other international studies. 15 One explanation for this may be the preventive work in the CPUP. Another explanation might be differences in methodologies Pain is subjective and cannot be measured objectively, which means that self-report is preferred. In young children, in the case of those who cannot communicate themselves, and at times in the context of severe intellectual disability, proxy-report is required. Mixing both self-and proxy-reports is not ideal. Because we did not want to only include data from those who could self-report, the decision was made to also include proxy-reported data. The results have to be interpreted with that in mind. 147 participants who were coded as 'cannot complete the distance' were recoded as wheelchair. c 978 were able to stand with support, GMFCS levels IV and V = 773
were able to stand with help or support.
